Quarterly  Technical  Report  No.7 
October  20,1995 

Reporting  Period:  01  January  1994  -  31  March  1994 


Optoelectronic  Technology  Consortium 


Sponsored  by:  \| 

Defense  Advanced  Research  Projects  Agency 
Microelectronics  Technology  Office 


_ 


(PRECOMPETATIVE  CONSORTIUM  FOR  OPTOELECTRONIC 
INTERCONNECT  TECHNOLOGY) 


Lr> 

cvj 


ARPA  Order  No.8351C 

Issued  by  DARPA/CMO  under  Contract  #MDA972-92-C-0071 

Effective  Contract  Date:  01  July  1992  I  Accesion  For 

NTIS  CRA&I 

Contract  Expiration  Date:  31  March  1995  dtic  tab 

Unannounced 

_ A  A _ A/*  AA  Justification 


Contract  Amount:  $2,372,699.00 


Prepared  by: 

Dr.  Mary  Hibbs-Brenner  (PD 
Honeywell  Technology  Center 
(612)  954-2806 
fax:  (612)  954-2504 

Hibbs-Brenner_Mary@htc.honeywell.com 


By _ 

Distribution  / 

•Availability  Codes 

Avail  and/or 
D'St  Special 


Bistributiun  statement  F 

Approved  for  public  release; 
Distribution  Unlimited 


I>TIC  QUALmr  mSPECTSD  8 


OPTOELECTRONIC  TECHNOLOGY  CONSORTIUM 
Quarterly  Technical  Report  No.  7 
Januaiy  1  to  March  31, 1994 
Honeywell,  Inc. 


1.0  Introduction. 


The  Optoelectronic  Technology  Consordum  has  been  established  to  position  U.S.  industry 
^  the  worid  leader  in  optical  intenxuinect  technology  by  developing,  fabricating, 
inte^atmg  and  demonstrating  die  produdbili^  of  optoelectronic  components  for  high- 
.densiQr/high-data-Tate  processors  and  accelerating  the  insertion  of  diis  technology  into 
mihtaiy  and  commercial  applicadons.  This  objecdve  will  be  accomplished  by  a  pmgram 
focused  in  diree  areas. 

Demonstrated  perfoimance:  OETC  will  demonstrate  sn  aggreg^ite  data  transfer  ratp. 
of  16  Gb/s  between  single  transmitter  and  receiver  packages. 

Accelerated  development:  By  collaborating  during  the  ptecompeddve  technology 
development  stage,  OETC  will  advance  the  development  of  optical  components  and 
produce  links  for  a  muldboard  processor  testbed  demonstration. 

Producibility:  OETCs  technology  will  achieve  this  perfotinanoe  Iw  using 
components  that  ate  affordable,  and  reliable,  with  a  line  BER<10~1^  and 
MTTF>106  hotiTS. 

Under  the  OETC  program  Honeywell  will  develop  parlcagwH  AlGaAs  arrays  of  waveguide 
modulmors  and  polymer  based,  high  density,  parallel  optical  harlgilflnft  technology 
compatible  with  low-cost  manufacturabiliw.  The  scope  of  the  program  has  been  mndifieH, 
such  that  die  number  of  packaged  waveguide  modulator  arrays  to  be  fabricated  under  the 
program  will  be  reduced,  and  efforts  are  initiated  in  the  development  of  Vertical  CaviQ^ 
Surface  Emitting  Lasers. 

The  packaged  AlGaAs  modulator  arrays  will  consist  of  a  single  fiber  input,  a  1x4  fanout 
circuit,  four  waveguide  modulators,  and  four  fiber  outputs,  all  mnnntt^.d  on  a  oeranuc 
header.  The  primary  benefits  to  this  approach  ate  enhanced  system  reliability,  particularly 
at  high  temperatures,  and  a  device  design  tiiat  is  highly  producible  due  to  the  inherent 
pro(£ss  tolerance.  Combined  with  the  demonstrated  high  density  of  these  devices  when 
fabricated  in  arrays,  this  allows  the  develtqnnent  of  compact  and  reliable  transmitter 
components. 

The  objective  of  the  polyinude  bac]q)lane  devdopment  effort  is  to  demonstrate  a  practical 
high  densiQr  (>20  lines  or  diannels  per  nun)  pmallel  optical  backplane  facilitating 
(band^dth  x  length^wm*)  intmconnect  figiros  of  merit  between  one  and  two  orders  of 
magnitude  greater  than  would  be  attainable  witii  stale-of-tiie-art  electrical  intercomiects. 

The  effort  will  address  both  development  of  an  ultimately  manufacturable  and 
environmentally  tolerant  optical  badqilane,  and  the  optical  interface  concepts  required  for 
practical  board-to*backplane  optical  coimection.  The  key  functionalities,  and  compatibility 
with  standard  multiboard  assembly  practices  will  be  demonstrated  in  a  laboratory  evaluation 
system. 
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Technical  progress  achieved  during  the  curmt  repotting  period,  and  plans  for  the  next 
reporting  period,  are  summarized  in  the  following  secticms. 


2.0  Progress  Summary. 


2.1  AlGaAs  Modulator  Array  Development  Task  leader:  Dr.  Maty  Ifibbs-Btenner 

The  effort  during  this  reporting  period  was  concentrated  on  measuring  the  high  speed 
characteristics  of  die  waveguide  modulators,  and  measiiriiig  parameters  required  to  the 

driver  circuit  to  die  moduli. 

The  high  fiequency  or  microwave  characteristics  of  the  mndnlgto**  were 
experimentally  in  the  50MIfa-20GHz  range.  Since  the  modulator  layout  did  not 
incorporate  RF  probe  pads,  it  could  not  be  direcdy  tested  using  the  standard 
Microtech  inobes.  K  was  Aus  necessary  to  provide  a  temporary  parlrag^  for  the  tn/vinlatrifr 
to  enable  the  measurements  to  be  performed.  Rgure  1  shows  such  a  package  layout 
wherein  standard  coplanar  RF  probe  pads  on  aGaAs  chip  were  placed  in  close  proximity  to 
the  modulator  chip.  The  GaAs  and  modulator  chips  were  both  soldered  onto  the  gold 
plated  brass  bare  plate  and  the  pads  connected  by  means  of 0.0007"  Hiametar  gold  wires. 
Several  gold  wires  wme  bonded  together  to  reduce  pad-to-pad  leari  inductance,  whereas 
v^  to  ground  ensured  a  low  copl^ar  ground  impedance  for  the  RF  probe  pa^  on  GaAs. 
Since  Ae  coplanar  RF  probe  pads  on  GaAs  were  measured  to  exhibit  an  insaitinn  loss  of 
-0. 1  dB  and  retira  loss  of-2SdB  ovct  S0MHz-40GHz  range,  we  concluded  that  this  type  of 
packaging  provides  accurate  RF  measurements  of  Ae  modulator  characteristics  without 
needing  to  first  de-embed  Ae  coplanar  RF  probes. 


Gold 

Plated' 

Brass 

Plate 


Fig  1:  Modulator  packaged  for  on>wafer  RF  measurements 

The  first  step  m  determining  Ae  microwave  characteristics  of  Ae  mndnlatnr  was  to  measure 
its  small  si^ial  input  impedance.  This  was  acemnplished  using  a  standard  Cascade 
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Microtech  probe  and  an  HP  8510B  netwoik  analyzer  in  the  50MHz-20GHz  range*  with  the 
modulator  biased  at  each  of  several  different  bias  voltages.  Hgure  2(a)  and(b)  show  the 
measured  input  impedance  of  the  modulator  of  lengdi  3m  at  bias  levels  of -7.6V  and  -2.8V, 
respectively.  It  is  dear  from  these  measurements  diat  at  lower  microwave  fiequencies  the 
modulator  behaved  like  a  lossy  capacitor  (Hgure  3(a)),  whereas,  at  high  frequencies  it 
bdiaved  more  like  a  transmission  line.  Thus  for  all  practical  purposes,  the  mnrfnlatnr  ran 
be  modeled  as  a  transmission  line  (Figure  3(b)).  Table  I  shows  Hrtaiig  of  chaTactensHrs  of 
this  physical  transmission  line  at  various  bias  levels. 


Figure  2:  (a)  Measured  input  of  the  modulator  at  a  bias  of  -2.8  V. 
(b)  Measured  Impedence  of  the  Modulator  at  a  Bias  of  -7.6  V. 


(a) 


o* 
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/  s  Ungth 

Zo  «  Charadoristic  Impedance 
K  «  Effective  Dielectric  Constant 
A  >  Loss  per  Unit  Length 
F  ■  Reference  Frequency  tor 
Attenuation 
(b) 


Fig.  3:  (a)  Low  frequency  nad  (b)  High  frequency  equivalent  circuit  model 

of  the  Modulator 
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The  next  step  in  characterizing  die  modulator  was  to  evaluate  its  mkitjwave  pofonnance 
under  normal  operating  conditions.  This  was  accomplished  by  using  an  HP  8702 
lightwave  Component  Analyzer  together  widi  die  HP  test  set  in  the  eiqierimental  setiqi 
shown  in  Figure  4. 
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Figure  4:  Experimental  setup  for  measuring  the  Microwave/Optical  response 

of  the  modulator 

The  system  was  first  calibrated  by  using  an  external  light  source  and  the  standard  HP 
lightwave  receiver.  Next  the  GaAs  modulator  was  inserted  into  die  optical  p^  as  shown, 
with  the  microwave  signal  being  injected  into  the  modulator  using  Ca»rade  Microtech 
probes.  The  response  of  die  qptical  receiver  dien  indicated  the  RF  response  of  the  GaAs 
modulator.  Figure  5  shows  thb  response  at  bias  levels  of  -2.8V  and  -7.6V,  respectively. 
Studying  the  results  shown  in  Hgure  5,  one  notices  that  the  response  is  practically 
unchanged  for  die  two  bias  levels. 


Fig.  5:  Measured  E/0  response  of  the  Modulator  at  a  bias  of  -2.8  V  and 

-7.6  V. 
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Furdiermorey  the  ou^ut  response  is  not  constant,  but  rathw  shows  a  gradual  of 
over  ISdB  fiom  0.3MHz-3GHz.  A  casual  observation  would  indie? tp.  thaf  this  is  indeed 
the  RF  frequency  response  of  the  GaAs  modulator,  but  a  careful  study  of  the  results 
indicates  that  this  is  not  the  case,  and  that  the  response  is  determined  to  a  large  extent  by  die 
imped^ce  of  the  RF  source.  In  order  to  understand  this,  one  has  to  refi^  to  Hgure  6, 
which  indicates  the  modulator  being  driven  by  a  source  of  imp^Hann*  Rs. 
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Fig.  6:  Circuit  Schematic  of  a  typical  RF  Source  Driving  a  Modulator 

^nce  the  RF  modulation  efiQciency  of  the  modulator  is  dependent  on  the  RF  field  stTengrh 
(ErQ,  the  RF  voltage  develcqied  across  the  modulator  is  an  accurate  indicator  of  its 
efficiency.  On  the  basis  of  Hgure  6  and  the  measured  RF  input  impwlanrft  of  the 
modulator,  one  can  easily  calculate  the  complex  voltage  gain  (Vg)  for  different  "Rs". 
These  voltage  gains  are  plotted  in  Hgure  7  and  the  curve  for  Rs^SO  is  in  excellent 
agreement  with  the  measured  response  shown  in  Hgure  5. 


Fig.  7:  Calculated  Complex  gain  of  the  circuit  in  figiiro  RF6  for  various 

source  impedance 


5 


MHB/OETCTTEC 


This  cleaily  indicates  that  in  fact  the  intrinsic  RF  lesponse  of  the  mndnlatfir  is  nongtant  over 

ffn  _M  J  J ^  *  whereas  ^  overall  RF  response  is  very  much  droendent  on 

Tls  md  dramatically  improves  as  TRs  approaches  zero,  or  a  true  voltage  source.  Thusif 
mgher  fiequency  peifonnance  were  desir^  it  would  be  important  to  develop  an  RF  driver 
havmg  as  low  an  impedance  as  possible. 


2.2  AlGaAs  Modulator  Array  Packaging.  Task  leaden  Mr.  John  Lehman 
No  activi^  during  the  current  reporting  period. 


2.3.  Polymer  Baclqilane  Development.  Task  leaden  Dr.  Julian  Bristow 


No  activi^  during  the  current  repordng  period. 


2.4  Vertical  Cavity  Surface  Emitting  Laser  Development  Task  leaden  Dr.  Mary  Hibbs- 
Bienner 

At  the  point  in  time  when  this  task  was  initiated,  IRmeywell  had  demonstrated  VCSELs 

was  to  integrate  VCSELs  with  photodetectors  and 
Held  EiTi^  Tj^sistt^  (FETs).  The  structure  was  therefore  slightly  different  than  what  is 
optimum  for  OETC.  Integration  necessitated  the  use  of  a  semi-insulating  substrate  and  so 
m  order  to  inate  contact  to  the  n-side  of  the  junction  a  special  thick  n-doped  contact  layer 
was  included  m  tte  cavity  such  that  the  caviqr  becomes  ditee  wavelengths  thiplr,  in  order  to 
make  contact  to  uiis  layer  we  etch  down  to  it,  dius  creating  a  mesa  structure.  Sinn* 
mtegration  with  dissimilp  devices  is  not  required  as  part  of  OETC,  we  can  migrate  our 
structure  toward  one  which  is  planar.  The  device  can  be  grown  on  a  conducting  substrate 

and  aco^on  contart  cm  be  made  by  depositing  metal  on  the  back  side  of  the  wafer.  The 
mesa  etch  is  not  required. 

We  have  thOTforc  chosen  to  use  a  process  similar  to  AT&Ts  VCSEL  process.  This 
mvolves  usmg  proton  implantation  to  provide  cuirent  confinement,  a  broad  area  ohmin 
contact  on  the  back  side  of  the  wafer,  and  a  circular  ohmic  contact  cm  the  top  During 
me  current  reporting  period  we  implemented  some  of  the  steps  required  to  migratf-  to  rhis 
struct^.  We  removed  the  contact  layer  fiom  the  cavi^  so  that  the  total  cavity  thirim<»gg 
was  the^mvalent  of  one  wavelength,  and  put  a  broad  area  contact  on  the  back  side  of  the 
temporarily  craitinued  to  use  the  mesa  etch  to  provide  current  confinement 
VCSELs  were  successfully  fabricated  with  this  structure. 


We  also  mvesUgated  the  origin  of  the  high  resistance  of  our  devices,  and  believe  it  to  lie  in 
me  top  p-ohimc  contain  Eiqienments  were  carried  out  to  increase  Ae  doping  of  the  top 
ctmtact  layer.  R  was  discovered  that  increased  Zn  doping  seemed  to  have  a  negative  effect 
on  contMt  resistance.  Subsequent  investigation  revealed  that  Zn  doping  in  high  A1 
containing  laym  led  to  those  layers  becoming  relatively  resistive  and  resulted  in  highar 
resistsncc  ohmic  cont2cts.  The  optimum  doping  profile  in  the  contact  legion  will  be 
mvestigated 
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3.0.  Fourth  quarter  plans. 


3.1.  AlGaAs  Modulator  Array  Development 
The  modulator  array  devdqpment  ta^  is  essoitially 


3.2.  AlGaAs  Modulator  Array  Packaging. 

Once  the  packages  are  assembled  and  upon  receipt  of  the  modulator  drivers  we  will  be  able 
to  assemble  the  first  packaged  4  channel  modulaior  arrays. 

3.3.  Polymer  Bac]q)lane  Development 


.  _  sodiat 

measurements  of  the  connector’s  tolerance  to  alignmftnt  ran  be  maAe, 

3.4.  Vertical  CaviQ^  Surface  Emitting  Laser  Development 


A  laboratoty  benchtop  demonstration  of  a  board  to  board  polymer  waveguide  based 
intercormect  will  be  carried  out  Boards  will  be  mounted  on  micropositioner  stages 


This  effort  will  be  continued  under  the  OETC-2  program.  No  further  development  will 
take  place  under  the  current  program. 


4.0.  Summary. 


During  the  current  reporting  poiod  effort  was  concentrated  on  verifying  the  high  speed 
characteristics  of  the  wavegiude  modulators,  and  preparing  to  produce  VCSEL  arrays. 

The  waveguide  modulators  were  found  to  exceed  the  speed  requirements  for  tire  link.  The 
speed  of  the  transmitter  vdll  therefore  be  limited  by  the  speed  of  the  driver  circuit  and  the 
impedance  maa:hing  between  the  driver  and  the  modulator. 

Progress  in  the  area  of  VCSELs  included  tiie  elimination  of  the  special  contact  layer,  and  an 
improved  understanding  of  the  factors  limiting  the  ohmic  contact  resistance. 

During  tiie  remainder  of  tiie  program  we  will  package  the  waveguide  modulators  into  a 
transmitter  module  with  the  driver  ch^s  and  measure  DC  perfonnance  over  temperature. 
We  will  also  evaluate  the  board  level  intercormect  demonstration.  ]h  particular  we  will 
mcamine  the  connector  tolerance  to  misalignment 
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